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ABSTRACT 
A N experimental 52.6 ha center-pivot irrigation system for studies of reduced energy crop production 
systems is described. The system consists of high 
pressure impact sprinklers, low pressure impact 
sprinklers, and low pressure spray nozzles that are 
automatically turned on or off at preselected locations in 
the field. The control procedures of the system operation 
are described. The system also has the capability of 
applying different depths of water per irrigation as a 
function of position radially outward from the pivot 
point. Four years of data indicate that the system 
controls function properly and the design irrigation 
depths are being met. 
The concept of rotational uniformity or the spiking of 
water application as the pivot rotates is presented. Field 
measurements of water distribution of the different 
sprinkler packages indicate that rotational uniformity 
appears to be a problem only on the spray nozzle system 
and only for those systems applying relatively small 
application depths. The low pressure spray nozzles have 
the lowest uniformities while the high pressure impact 
and low pressure impact sprinklers have nearly identical 
uniformities. 
production agriculture is used for pumping water (Gilley 
and Watts, 1977). In Texas, 65% of the total energy to 
produce irrigated grain sorghum is required for 
irrigation (Allen et al., 1980). This relatively large energy 
demand, coupled with the rapid increase of fuel costs, 
has provided impetus to develop irrigation systems that 
required less energy input. 
Currently, over 3.8 million ha are irrigated by center- 
pivot irrigation systems in the United States (The 
Irrigation Survey, 1981), making it one of the most 
popular sprinkler systems. Because most new irrigation 
development will probably be on land not adapted to 
surface irrigation systems, the use of center-pivot systems 
is expected to increase. In addition, because of reduced 
labor requirements and increased irrigation efficiency, 
many surface irrigation systems and other types of 
sprinkler systems are being replaced with center-pivot 
systems. 
Center-pivot irrigation systems are designed to supply 
controlled amounts of water within relatively short time 
periods, enabling operators to better use available 
irrigation s_cheduling proced&es, which save both water 
and energy. unfortunately, large amounts of energy are 
required to develop the pressure necessary for effective 
operation of conventional high pressure (i.e., 480 to 580 
INTRODUCTION kPa) center-pivot systems. ~ g r ~ ~  savings between 20 
and 4 0 % _ r d d  be achieved if-tgs-pieguye requirement 
Irrigation pumping is responsible for ap~roxirnatel~ can be lowered (Gilley and Mielke, 1980). However, 
r p e r c d  of the energy used for reducing the pressure on center-pivot systems may 
agricultural production in the U.S. and is second only to increase the runoff of the applied irrigation water. As the 
the energy required for fertilizer productioF(USDA, water pressure is lowered, the radius of water 
1976).   he ~ r o c r t i o n  of the energy used for irrigation is distribution of the individual sprinklers will be lessened, 
much larger in those areas where irrigation is required thereby decreasing the area over which the water is 
for sustained agricultuaral production. For example: in applied. This causes a rise in the water application rate 
~ ~ ~ ~ ~ s ~ ~ l e % 2 ~  all the energy consumed by of the system, increases the potential for runoff of the 
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Fig. 1-Experimental layout of the center-pivot irrigation system. 
and  low pressure center-pivot i r r igat ion,  a 
comprehensive research program was undertaken at the 
University of Nebraska. Detailed field experimentation 
in combination with mathematical modeling were used 
to develop solutions to the problems associated with 
reduced pressure systems and further, to develop 
guidelines for implementing these systems in other 
locations. 
The primary objectives of this paper are to describe the 
experimental center-pivot system and to present data 
demonstrating the system's performance. The results of 
the research program detailing the crop response, runoff 
evaluation, infiltration measurements, uniformity 
evaluations and the developed guidelines will be 
forthcoming in additional papers. 
MATERIALS AND METHODS 
The field work was located at the University of 
Nebraska Field Laboratory near Mead using a standard 
Fig. 2-Sprinkler arrangement on the experimental center-pivot 
irrigation system. 
10-tower center-pivot irrigation machine (395 meters in 
length, 38.4 meter tower spacing) which was modified to 
provide each of the following methods of water 
application: conventional high-pressure impact sprinkler 
heads, low-pressure impact sprinkler heads and low- 
pressure spray nozzles (180 deg directonal). The pressure 
at the end of the machine for the conventional high 
pressure method was approximately 410 kPa 
corresponding to a pivot pressure of approximately 480 
kPa which is within the range of operation of the typical 
high pressure center-pivot. The pressure at the end of the 
center-pivot for both the low pressure impact and spray 
nozz le  systems was approximately 140 kPa 
corresponding to a pivot pressure of approximately 210 
kPa. Each of the three methods of application was 
turned on and off automatically at specified locations in 
the field. These are shown as "pie" sections one through 
nine in Fig. 1. 
The amount of water applied during any given 
irrigation was a function of location along the pivot 
lateral. The sprinklers and spray nozzles toward the 
outer end of the machine, circular area I in Fig. 1, were 
sized to supply a discharge rate (0.90 L/s/ha) that would 
meet the crop evapotranspiration requirements for 
eastern Nebraska. The procedure of Heermann et al. 
(1974) was used to select this discharge requirement. 
Circular area I is designated as 1.0 ET. The sprinklers 
and spray nozzles within circular area I1 in Fig. 1 were 
sized to supply 75% of the depth applied in area I (0.68 
L/s/ha) and is designated 0.75 FT. For circular area 111, 
designated the 0.50 ET treatment, the sprinklers were 
sized to supply 0.45 L/s/ha. For a given circular area, 111 
for example, the system was designed to apply the same 
depth of water under all three methods of applications: 
high pressure, low pressure and spray nozzles. Of course, 
TABLE 1. TYPICAL SPRINKLER SPACINGS, SIZES, FLOW RATES AND OPERATING PRESSURE FOR 
THE EXPERIMENTAL CENTER-PIVOT SYSTEM. 
Typical 
Average Typical Operating sprinkler Pattern 
Application Location Distance from sprinkler nozzle pressure, flow diameter, 
method tower numbers pivot, m spacing, m size, mm kPa rate. L/s m 
High pressure 9-10 
impact 7-8 
5-6 
Low pressure 9-10 
impact 7 -8 
5-6 
Low pressure 9-10 
7-8 
5-6 
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Fig. 3-Sprinkler arrangement on the experimental center-pivot 
irrigation system. 
the depth of water applied per irrigation is dependent on 
the speed of rotation of the machine. As the speed of 
rotation of the machine is increased, the depth of applied 
water is reduced. 
An overview of the three different sprinkler systems is 
shown in Fig. 2. Because of the reduced area of coverage, 
the low pressure impact sprinklers and spray nozzles are 
spaced closer together than the high pressure sprinklers. 
The sprinkler spacings and nozzle sizes were selected 
using the procedures developed by Kincaid and 
Heermann (1970) to provide the proper flow rates for the 
given area. A summary of the sprinkler spacings, sizes, 
flow rates and operating pressures for the three sprinkler 
packages is given in Table 1. A closeup of the three types 
of sprinkler packages is shown in Fig. 3. 
The three tillage methods evaluated were: (a) chop 
stalks in the spring, till plant and cultivate (N); (b) two 
diskings in the spring, plant and cultivate (D); and (c) 
chop stalks in the spring, till plant, cultivate and chisel 
(C). The tillage treatments shown as the small rectangles 
in Fig. 1 were applied to each method of application 
within each depth of water application. 
Runoff plots were established on slopes ranging from 
3.0 to 3.5% under each method of water application in 
the 1.0 ET area (circle I in Fig. 1). Runoff was measured 
from the three tillage methods with two replications. 
The experimental field was designed as a randomized, 
complete block with a split-split-plot arrangement of 
treatments and three replications. The whole-plot 
treatments are the method of water application (high- 
pressure impact, low-pressure impact and spray nozzle); 
the subplot treatments are the amount of water applied 
(1.0, 0.75 and 0.50 ET); and the sub-subplot are tillage 
treatments. The treatments are randomized within each 
block, except in the case of water application amount. 
Because of the physical constraints of the center-pivot 
system, randomization was not possible for the subplot 
treatments. Consulation with statisticians at the 
University of Nebraska-Lincoln has indicated that this 
Fig. 4-Hydraulic controls for the high pressure, low pressure impact 
and low pressure spray nozzle sprinkler packages. 
may limit conclusions derived from differences in 
amount of water applied. However, the literature on the 
relationship between amount of water applied and crop 
productivity is quite extensive and will aid in supporting 
conclusions. 
System Operation 
The following chain of command was used in 
controlling the machine operation: 
1. The angular location of the machine in the field 
was determined by the switching cam assembly shown in 
Figs. 4 and 5. This assembly determines the method of 
water application (high-pressure, low-pressure impact or 
spray) that is in operation. 
2. The switching cam assembly provides an electric 
signal energizing the appropriate 3-way normally open 
solenoid valve, releasing water pressure to the proper 
rotates 
valve c9ntrol - with pivot 
power to the 
3way valves 
Fig. 5-Switching cam assembly for control of the sprinkler packages. 
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TABLE 2. APPLICATION UNIFORMITY FOR 
THE EXPERIMENTAL CENTER-PIVOT SYSTEM. 
the desired value. The pressure reducing valve is also 
under control of the switching cam assembly located at 
Location Uniformity coefficient? the pivot point. Application 
method tower numbers* Theoretical Experimental 
SYSTEM PERFORMANCE High-pressure 9-10 
impact 7 -8 
5-6 
An important consideration of reduced pressure 
systems is the uniformity of the applied water. High- 
pressure systems generally have good application 
uniformities because of the relatively large overlapping 
patterns of the individual sprinklers. On reduced- 
pressure system the radius of throw of the individual 
sprinklers or spray nozzles will be smaller than those for 
high-pressure systems, resulting in less pattern overlap 
especially on spray nozzle systems. The uniformity 
coefficients were calculated for each water application 
method using Christiansen's procedure as modified by 
Heermann and Hein (1968) for renter-pivot systems and 
are given in Table 2. The theoretical uniformity 
coefficients were calculated assuming an elliptical water 
distribution pattern for the high pressure and low 
pressure impact sprinkler heads. Measured distributions 
provided by the manufacture were used for the 
uniformity analysis of the spray nozzle system. The 
experimental uniformity was measured with catch 
containers that were spaced 1.5 m apart. 
Most of the uniformity coefficients given in Table 1 are 
greater than values typically observed for conventional 
center-pivot systems. Heermann and Hein (1968) 
measured uniformity coefficients ranging between 0.85 
and 0.90. These differences in uniformity are caused 
primarily by the relatively short distances of 
measurement along the pivot lateral for these tests. In 
addition, the largest variation in applied depth for 
normal center-pivots is usually between the pivot point 
and the first tower and the irrigated area beneath the end 
gun. Experiments were not conducted under the first 
tower span or the end gun areas of the system. 
An additional factor affecting the uniformity of water 
application under low-pressure center-pivot systems is 
related to movement of the towers of the system. Some 
Low-pressure 9-10 
impact 7 -8 
5-6 
Low-pressure 9-10 
spray (180' ) 7-8 
5-6 
* All towers have a 38.4 meter spacing. 
? Calculated using the procedures of Heermann and Hein (1968). 
% Average of four tests. 
5 Average of seven tests. 
11 Average of five tests. 
sprinkler control line (high, low or spray) allowing only 
one type of head to operate. Each sprinkler head or spray 
nozzle has an individual hydraulic valve (Fig. 3) which is 
supplied by a control line (Fig. 4). When the water 
pressure is removed, the sprinkler head operates. 
3. The center-pivot continues to rotate until reaching 
another ray shown in Figs. 1 and 2. 
4. The switching cam assembly then energizes the 
appropriate solenoid valve (Fig. 5) releasing the water 
pressure and allowing that nozzle package to operate. At 
the same time, the previous solenoid is deenergized, 
allowing water pressure to shut off the previously 
operating sprinklers. Switching from one method of 
application to another is accomplished in approximately 
one to two minutes. 
5. Between tower numbers four and five, 
approximately 163 m from the pivot point, a dual control 
pressure regulating valve mounted in the pivot pipe 
provides water pressure control to the sprinkler 
packages. When the pivot is located in a reduced 
pressure zone, an electric solenoid on the pressure 
reducing valve is used to adjust the mainline pressure to 
TABLE 3. APPLICATION UNIFORMITY FOR HIGH-PRESSURE, LOW PRESSURE AND SPRAY NOZZLE SYSTEMS. 
Average Average 
Time of Average depth radial Radial rotational Rotational 
Application rotation. Location applied, deviation, uniformity deviation. uniformity 













* Calculated using the procedures of Heermann and Hein (1968). 
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TABLE 4. RELATIVE IRRIGATION AMOUNTS FOR THE EXPERIMENTAL CENTER-PIVOT SYSTEM. 
Relative irrigation amount* 
Application Location Experimentalt Experimental? Experimental? ~xperimentalt  
method tower numbers Design 1977 1978 1979 1980 
High pressure 9-10 
impact 7-8 
5-6 
Low pressure 9-10 
impact 7-8 
5-6 
Low pressure 9-10 
spray 7 -8 
5-6 
* Imgation amount relative to the amount received under tower numbers 9-10. 
t Seasonal values, average of three replications. 
PIVOT UNIFORMITYSPRAV. 7-21-7s  ROTA TIC^ TIME re HOURS 
I O W F m  NUMBERS . - . . - . . . . - - . 
5 - 6  7 - 8  9-10 
AVERAOE RELATIVE DEPTH 0.46 0 . 7 6  1.00 
AVERAQE RADIAL DEVIATION, m 3.1 2.4 1.7 
AVERAOE ROTATIONAL DEVIATION,  rnrn 9.9 2.1 1.5 -radial 
"L. . -rotational 7 TOWERS 9-10 
# - - I  A TOWERS 7-8 - 
0.2 1 I I I 1 I I I I 1 
1 2 3 4 5 6 7 8 9 1 0  
CATCH CONTAINER ROW NUMBER 
Fig. 6-Uniformity of the low-pressure spray nozzle system. 
types of tower drive mechanisms (e.g., electric) cause a 
starting and stopping of the individual towers. The outer 
towers on these systems may move 1 to 5 m between 
starts and stops. Depending upon the method of control 
of the towers a "spiking" of water application may 
result, especially when the radius of throw of the 
sprinklers or nozzles is only slightly larger than the 
distance moved between starts and stops. Thus, 
"circular" or rotational uniformity may be an important 
consideration with low-pressure systems. 
Both conventional (radial) and rotational uniformity 
of high pressure, low pressure impact and spray nozzle 
systems were evaluated using a grid layout of catch 
containers on a 1.5 x 1.5 m spacing. An example of the 
application uniformity for the spray nozzle system is 
shown in Fig. 6 and a summary for each of the systems is 
given in Table 3. 
The largest deviations in water application, hence the 
lowest uniformities were associated with the spray nozzle 
system (Table 3). The uniformities, both radially and 
rotationally, of the high pressure and low pressure 
impact systems were approximately the same and were 
larger than the uniformities of the spray nozzle system. 
In addition, there was little difference between the radial 
and rotational uniformity at the same location beneath 
the system for the high pressure and low pressure impact 
systems. 
The radial uniformity of the spray nozzle system for 
the area between towers 5 and 6 is much lower than the 
uniformities at the other tower locations (Table 3). The 
data presented in Fig. 6 support this observation. This 
relatively low uniformity is caused by the interaction of 
two factors: (a) The relatively low sprinkler flow rate at 
the location resulting from the design flow rate 
requirements for this area (0.5 ET) and (b) the larger 
spacing of the spray nozzles. The spray nozzles between 
towers 5 and 6 should probably be reduced from the 
present spacing of 3.2 m to 1.6 m, the spacing used 
between towers 9 and 10. 
Based upon the results of these tests, the rotational 
uniformity does not appear to be a problem for high 
pressure or reduced pressure impact sprinkler systems as 
the rotational uniformity is almost identical to the radial 
or conventional measure of uniformity and is relatively 
high. The same conclusions can be reached for spray 
nozzle systems if care is used in selecting the nozzle 
spacing. It would appear that if rotational uniformity 
would become a problem, it would take place on spray 
nozzle systems with relativelv ravid rotation times or 
" - 
applying" smaller application depths. 
The ability of the system to apply the desired amount 
of water in areas I1 and I11 in Fig. 1 is demonstrated in 
Table 4. The experimental relative irrigation amounts 
are close to the design irrigation amounts indicating the 
desired design values have been met. 
SUMMARY 
An experimental center-pivot irrigation system 
consisting of both high and low pressure sprinkler 
packages has been delineated. The system design 
including the capability of applying variable application 
depths as a function of location beneath the machine and 
the automatic controls for switching sprinkler packages 
were described. Four years of data indicate that the 
design irrigation depths are being met and the system 
controls function properly. Results of the detailed 
research program conducted with the center-pivot system 
will be forthcoming. 
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